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ABSTRACT

The Anatomical Therapeutic Chemical (ATC) classiicn sys-
tem is widely used in Europe for the classificateord coding of
drugs. However, ATC is not well integrated with etilmedication
terminologies (e.g., NDF-RT — the National DrugeFiReference
Terminology), which hinders the integration of dataded to
these two systems. In this work, we propose to ATEP to NDF-

RT, via the Unified Medical Language System (UMLB)which

several medication terminologies are integratedluing NDF-

RT but not ATC. Only half of ATC terms were sucdaly

mapped to the UMLS using automatic lexical techaguesult-
ing in very few overlapping drug-class pairs betw&elC and
NDF-RT. To improve these results, we performed auabmap-
ping of cardiovascular ATC and NDF-RT classes, Wwhio-

creased the number of common drug-class pairs 88ro 128.
We believe that the discovery of mappings betwediC Aand
NDF-RT classes could be further automated and maxde effec-
tive by identifying mappings between the drugshiese classes.

Categoriesand Subject Descriptors

1.2.4 [Artificial Intelligence]: Knowledge Representation For-
malisms and Methods; J.£dmputer Applications]: Life and
Medical science.

General Terms
Standardization.

Keywords
Mapping of terminologies, ATC, NDF-RT, UMLS, codingf
drugs, data integration.

1. INTRODUCTION

Terminological drug information sources specify themes and
relations of drug entities, in particular, relasobetween drugs
and pharmacological classes. While ingredient nageseerally
exhibit minimal variation across sources, the nawfepharma-
cological classes tend to be poorly standardized.example, a
cursory examination reveals that the names of pheofogical

classes differ largely between the Anatomical Thewic Chemi-
cal (ATC) classification system and the Nationalu@rFile-
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Reference Terminology (NDF-RT). As a consequenpglica-
tions relying on the names of pharmacological éass these two
systems cannot be expected to be interoperablé. &lications
include clinical decision support and integratioh data about
adverse events.

Clinical decision support generally relies on spkoéd knowl-
edge bases. This knowledge tends to be expresdbe aighest
level possible. Instead of specifying all drug-dringeractions
pairwise, the interactions can be expressed betaeing and a
pharmacological class. An inference engine can tleenpute all
interactions between the first drug and all memloérthe phar-
macological class. For such an inference to yigtdlar results in
two different systems, a given pharmacological <lasust be
represented in both systems in a comparable wayhawnd the
same list of drug members.

For examplePhenelzings amonoamine oxidase (MAO) inhibitor
and Citalopram is a Selective Serotonin Reuptake Inhibitor
(SSRI) Both are antidepressant drugs. The granularitgfofma-
tion about antidepressants varies depending orafipdication.
Drug prescription is made at the drug level (PhenelzineCita-
lopram), while interactions, adverse reactions and pheoge:
nomics information are often represented at thssclavel (e.g.,
‘Response to selective serotonin reuptake inhibitsrassociated
with a functional 5-HT1A receptor gene polymorphism

ATC is widely used in Europe in applications rethte clinical

decision, as well as clinical data integration amding. The De-

bugIT project (Detecting and Eliminating BacterigitnG Infor-

mation Technology [6]) focuses on antibiotics resise, analyzes
practices and outcomes in the domain of antibiotieatments.
EU-ADR [5] aims to develop an innovative computedzystem
exploiting clinical data from electronic healthcaezords to de-
tect adverse drug reactions. Both projects use ABrCepresent-
ing drugs. It is noteworthy that ATC is not onlyedsin Europe,
but also in Northern America. PharmGKB, an integglatesource
about how variation in human genetics leads toatian in re-

sponse to drugs [9], uses the ATC classificatiancitegorizing

drugs according to its therapeutic classes. DrugB#re bioin-

formatics and cheminformatics resource that conwbidetailed

drug data with comprehensive drug target infornmafit8], pro-

vides ATC codes for each drug entry (as does Wilig)e Despite
its popularity, ATC is not well integrated with ethmedication
terminologies (e.g., NDF-RT), which hinders theegration of

data coded to these two systems.

The objective of this work is to compare the AT@sslification
system with a reference clinical drug terminologgmely NDF-
RT. We focus our analysis on the relations betweéergs and
pharmacological classes (i.e., drug-class memherstations) in
these two systems.



2. RESOURCES

The Anatomical Therapeutic Chemical (ATC) classification
system was primarily developed to support drugizatiion re-
search [7]. It is controlled by the WHO CollabonatiCentre for
Drug Statistics Methodology (WHOCC) and was firsblished
in 1976. In the ATC classification system, the drage divided
into different groups according to the organ ortesyson which
they act and their therapeutic, pharmacological ahdmical
properties. As a result, one drug can be assigna@ than one
category, and consequently more than one codeexXample,
acetylsalicylic acid (aspirinis coded AO1ADO5 as a drug for
local oral treatment, BO1AC06 as a platelet inloibitand
NO2BAO1 as an analgesic and an antipyretic. Moeeipely, the
drugs are classified according to five differentels: the first
level is formed by fourteen anatomical main groupg second
level consists of one pharmacological/therapeutiigsoup (94 in
total); the third and fourth levels are chemi-
cal/pharmacological/therapeutic subgroups (267 &#d respec-
tively); and the fifth level contains the drugs riezlves (4,406).
In Table 1, the structure of ATC codes is illustthby the com-
plete ATC classification afligoxin (CO1AAQ5).

Table 1. Hierarchy of thedrug digoxin (CO1AAQ5)

inthe ATC system
Code Label
c Cardiovascular systerfi® level, anatomical mai
group)
Cco1 Cardiac therap{™ level, therapeutic subgroup)
Cardiac glycosides(39 level, pharmacologica
CO1A
subgroup)
CO1AA Digitalis glycoside$4™ level, chemical subgroup)
CO1AA05 | Digoxin(5™ level, drug)

The National Drug File Reference Terminology (NDF-RT) is a
resource developed by the Department of Veterafairéf(VA)
Veterans Health Administration, as an extensiorthef VA Na-
tional Drug File [11]. This version covers 6,96Qie& moieties
(level = “ingredient”) and 15,313 clinical drugsyel = “VA
product”). Two independent kinds of drug classesrapresented
in NDF-RT: legacy VA classes and “external pharnhagc
classes” (EPC). Legacy VA classes are simply listegarents of
clinical drugs. For example, the drldGOXIN 0.5MG TABs a
subclass ofCV050] DIGITALIS GLYCOSIDESThere are 485
such VA classes, organized in a shallow hierar@hg set of VA
classes forms a classification system, i.e., accodates virtually
any drug through residual classes (8L,900] BLOOD PROD-

UCTS, OTHER The EPC classes are not used in this investiga-

tion. The version of NDF-RT used in this study &etl February
7, 2011.

The Unified Medical Language System® (UMLS) [3] includes
three sources of semantic information: the Metathes®, the
Semantic Network and the SPECIALIST Lexicon. The LS
Metathesaurus is assembled by integrating over sthlce vo-
cabularies, including NDF-RT, but not ATC. It com& more
than two million concepts, which correspond to @ts of terms
coming from the different vocabularies. Nearly 48lion rela-
tions exist among these concepts. The Semantic dyetis a
much smaller network of 133 semantic types orgahinea tree
structure. The semantic types have been aggregatedifteen

coarser semantic groups [4], which represent subdwof bio-
medicine (e.g.Anatomy, Disorders). Each Metathesaurus con-
cept has a unique identifier (CUI) and is assigaédeast one
semantic type. Additionally, the MetaMap TransfeiMTx) pro-
gram allows the mapping of text to concepts inNtetathesaurus
[1]. Finally, the SPECIALIST Lexicon is a generahdlish lexi-
con that includes many biomedical terms [12]. ihsiets of a set
of lexical entries with one entry for each spellovgset of spelling
variants in a particular part of speech. Lexiocafris may be multi-
word terms made up of other words if the multi-wéedn is de-
termined to be a lexical item by its presence & in general
English or medical dictionaries, or in medical tu@s. The
2010AA version of the UMLS is used in this study.

3. METHODS

Our method for comparing drug-class pairs betwediC Aand
NDF-RT can be summarized as follows. First, we @eqdrug-
class pairs from ATC and map the corresponding siragd
classes to UMLS concepts for comparison purposeenTwe
acquire drug-class pairs from NDF-RT for those drpgesent in
ATC (NDF-RT provides cross-references to UMLS cqusefor
its drugs and classes). Finally, we compare the 8Mbncepts
for the drug-class pairs in the two systems.

3.1 Acquiringdrug-classpairsfrom ATC
3.1.1 Mapping ATC to the UMLS

In order to increase the chances of mapping AT@geto the
UMLS, we expanded abbreviations in ATC names wiia dom-
plete corresponding word. In practice, we transtditexcl.” into
“excluding”, “incl.” into “including”, “comb.” into “combina-
tions”, “adm.” into “administration”, “gr.” into “goup”, “LV”
into “Intravenous”. We then mapped each pre-pramsaTC
term (i.e., groups, and drugs) to the UMLS throdigh MMTx
program with the following parameters: strict mgderm proc-
essing and a restriction to semantic types belangirthe seman-
tic groupChemicals and Drugs. In practice, for each ATC term,
variants are generated by MMTusing the knowledge in the
SPECIALIST lexicon and a supplementary databasymdnyms.
UMLS concepts having at least one synonym, whichches
exactly one of these variants are selected. Finallgcore is at-
tributed to each candidate concept according teighted aver-
age of four metrics: centrality (involvement of thead), variation
(an average of inverse distance scores), covetaye ifuch of a
candidate matches the term) and cohesiveness (faow Byno-
nyms match the term). Only mappings for which aacéxnatch is
found are kept, i.e., when an ATC term is mappeé tonique
UMLS concept and whose mapping score is 100%.

3.1.2 Constituting ATC drug-class pairs

In ATC, the drugs are situated at the lowest leVhk four other
levels represent anatomical, therapeutic, pharrogeml, and
chemical groups in which a given drug is involviéde thus con-
sidered that the classes correspond to the groepsriled in
these four upper levels. Thus, we computed the AN@-class
pairs by associating each code of the fifth levighweach of its
upper levels. Only those pairs for which a UMLS Gults ob-
tained via MMTx for the drug and the class are késtan illus-
tration, the ATC drug-class pairs generated for dhgy digoxin

(CO1AAO05) are (Table 1)digoxin-Cardiovascular systemdi-

goxinCardiac therapydigoxin-Cardiac glycosidesanddigoxin



Digitalis glycosides resulting in only the two last drug-class
pairs, which are resolved to UMLS CUIs and becorespec-
tively: C0012265-C0012253 and C0012265-C000715& fiWo
first pairs are eliminated becau€ardiovascular systeris cate-
gorized by the semantic type “Body System”, whiabesl not
belong to the semantic growghemicals and Drugs while Car-
diac therapycould not be found as such in the UMLS.

3.2 Acquiring drug-class pairsfrom NDF-RT
NDF-RT drugs (at the ingredient level) can be lshke their
corresponding pharmacological class (“VA class™otlgh the
corresponding products (“VA Product”). For examplee NDF-
RT ingredientDIGOXIN from the drug hierarchy (NO000146388)
is linked to several products, includilyGOXIN 0.25MG TAB
(N0000151459), whose pharmacologic clas§0¥050] DIGI-
TALIS GLYCOSIDESNO0000029117). All the other products
linked to DIGOXIN have the same pharmacologic cld€38/050]
DIGITALIS GLYCOSIDESs child of the pharmacologic class
[CV000] CARDIOVASCULAR MEDICATIONGN00000291186).
Therefore, the classes associated in NDF-RT wighctirrespond-
ing drug digoxin are [CV050] DIGITALIS GLYCOSIDESnd
[CV000] CARDIOVASCULAR MEDICATIONSable 2).

Table 2. Relata of the drug DIGOXIN (N0000146388)
in NDF-RT

Code Label

[CV000] CARDIOVASCULAR MEDICATIONS

N0000029116 (VA class)

N0000029117| [CV050] DIGITALIS GLYCOSIDEB/A class)

N0000146388| DIGOXINdrug)

N0000151459| DIGOXIN 0.25MG TABVA Product)

Moreover, NDF-RT provides cross-references to UMioBcepts
for each drug and class. The drug-class pdigexin[CV050]
DIGITALIS GLYCOSIDESand digoxin[CV000] CARDIOVAS-
CULAR MEDICATIONSare resolved to UMLS concept identifi-
ers through these cross-references and become 28812
C0012253 and C0012265-C1874729, respectively.dntime, we
used applications programming interfaces to ackk&5-RT [14]
and traverse the appropriate relations betweeredignts, drugs
and pharmacologic classes. We also leveraged RxNarnch
source of synonyms for drug entities, through thé\&m API
[15].

3.3 Comparing drug-class pairs between ATC
and NDF-RT

3.3.1 Identifying drug-class pairs common to ATC

and NDF-RT

The algorithm summarizing the acquisition of dria@ss pairs
from ATC and NDF-RT and their comparison is displhyin
Figure 1. We computed the pairs which are commoboth ter-
minologies, i.e., where both the CUI of the drugl &dhe CUI of
the class are common in ATC and NDF-RT. When migltip
classes were common for a given drug, the pairlivg the most
specific class was chosen and the other pairs @lgnmnated. For

example,hydroxychloroquingC0020336) belongs to the classes

ANTIPROTOZOALS (C0003416) and ANTIMALARIALS
(C0003374) (both present in ATC and NDF-RT). Theelaclass

being the more specific, only the pair (C00203380@3374) was

kept (Figure 2).
| ATC drug |—’| ATC class I

I ATC drug-class pairs (UMLS CUI) I

-
| Common drug-class pairs? |
*

| NDF-RT drug-class pairs (UMLS CUI) |

| VA drug }—’I VA product ]—'| VA class |

Figure 1. Algorithm for the acquisition and comparison of
ATC and NDF-RT drug-class pairs

3.3.2 Exploring the Cardiovascular System group
As shown in the next section, the number of comithay-class
pairs between ATC and NDF-RT is small, in particlde@cause
the mapping of ATC class terms to the UMLS (via MiTvas
not very productive. To complete this mapping amd¢ able to
perform a more realistic comparison of ATC and NRF-one of
the author (AB) performed a manual mapping of tReNDF-RT
classes of the Cardiovascular branch to the ATGsel of the
Cardiovascular System group. We then recovered\i@ drugs
and classes from this group, excluding combinatidiosvard this
end, we eliminated every ATC terms, which includes word
“combination” or “and”. In addition, when a clasasveliminated,
all its subclasses and their drugs were also ighdka exception
was made for the ATC clagNTIARRHYTHMICS, CLASS | AND
Il (CO1B) because it was the best candidate to beedafp the
NDF-RT class[CV300] ANTIARRHYTHMICSWe finally re-
computed the common drug-class pairs between ATICNIDF-
RT.

ANTIPARASITIC PRODUCTS, INSECTICIDES AND REPELLENTS (P)
ANTIPROTOZOALS (P0O1)

ANTIMALARIALS (PO1B)

Aminoquinolines (PO1BA)

——

hydroxychloroquine (C0020336)-ANTIPROTOZOALS (C0003416)
hydroxychloroquine (C0020336)-ANTIMALARIALS (C0003374)

I

hydroxychloroquine (C0020336)-ANTIMALARIALS (C0003374)

i

hydroxychloroquine (C0020336)-ANTIPARASITICS (C0003404)
hydroxychloroquine (C0020336)-ANTIPROTOZOALS (C0003416)
hydroxychloroquine (C0020336)-ANTIMALARIALS (C0003374)

hydroxychloroquine
(PO1BA02)

[APOOO] ANTIPARASITICS (NO0O00029097)
[AP100] ANTIPROTOZOALS (N0000029098)
[AP101] ANTIMALARIALS (NO000029367)

/'

HYDROXYCHLOROQUINE SO4 200MG TAB (N0000152386) |

[ HYDROXYCHLOROQUINE (N0000147871) |

Figure 2. Detailed example for the acquisition of common ATC
and NDF-RT drug-class pairsfor the drug hydrochloroquine



4. RESULTS

4.1 Acquiring drug-classpairsfrom ATC

Overall, 198 ATC classes (15.8%) and 2,644 dru@sOd%) are
mapped exactly to a UMLS concept of the semanbagChem-
icals and Drugs. It is noteworthy that only 148 of these mapped
ATC classes and 1,760 drugs are present in NDFARiong
them, the clas$rostaglandins(CO1EA) and the drugligoxin
(C01AA05) were mapped to the UMLS CUIs C0033554 and
C0012265, respectively.

From the 17,624 ATC drug-class pairs, only 2,70&spwere
resolved to UMLS CUIs (15.3%). An example is thé pdpros-
tadil (CO1EAO1)Prostaglandins corresponding to the UMLS
CUIs pair C0002335-C0033554.

4.2 Acquiring drug-class pairsfrom NDF-RT
Starting from the 4,406 ATC drugs:

e 2,707 correspond to a drug entity in RxNorm;

e 1,945 correspond to a NDF-RT ingredient;

e 1,794 correspond to some VA product;

¢ 6,512 NDF-RT drug-class pairs were generated.

One of these drug-class pair iffapentine (N0000148581)-
[AM500] ANTITUBERCULARSN0000029084), corresponding
to the CUIs pair C0073372-C0003448.

Different explanations can be proposed for justifythe missed
mappings at the different steps of the algorithm:

¢ not in UMLS: this is mainly due to the complexity ATC
terms, to which MMTx can not find an exact mapptoga
UMLS concept. An example is the ATC drinlin and other
polyfructosangV04CHO1);

¢ not in RxNorm or not an ingredient in RxNorm: RxNor
focuses on clinical drugs and may not have all expmtal
drugs. For examplagitoformate(C01AAQ09) comes from the
supplementary concepts in MeSH (probably a substaec
ferred to in the literature). More rarely, a drugncbe in
RxNorm but not as an ingredient (i.e., which hasRxdlorm

4.3 Comparing drug-class pairsbetween ATC

and NDF-RT

Overall, only 333 drug-class pairs are common t&CAhd NDF-
RT. One of these common pairscislorpromazing(C0008286)-
ANTIPSYCHOTIC$C0040615).

The manual mapping between the 22 NDF-RT classéseoCar-
diovascular branch to the ATC classes of the Caedicular Sys-
tem group is displayed in Table 3 (see at the dnithe paper).
Only the two following NDF-RT classes could not inapped to
the ATC classes of the Cardiovascular system group:

« [CV703] CARBONIC ANHYDRASE INHIBITOR DIURETICS
because the corresponding class is described IBENSORY
ORGANS(S) group in ATC. This is explained by the facitth
the carbonic anhydrase inhibitors (e.gcetazolamide are
used primarily for glaucoma (and, incidentally, fiotracranial
hypertension and high altitude sickness);

¢ [CV900] CARDIOVASCULAR AGENTS, OTHBBcause its
semantics is vague and related to the extensitmeaflass.

This manual mapping was particularly useful to asgoew ATC
drug-class pairs. The Cardiovascular system grsgpiinposed of
554 drugs and 169 classes (Table 4). After elirmgathose cor-
responding to combinations, 319 drugs and 115 etassmained.
Originally, only 202 drug-class pairs were genatdte the Car-
diovascular System group. Thanks to the manual mgp»08
additional drug-class pairs were obtained. For etathe pair
quinidine (C0034414)ANTIARRHYTHMICS, CLASS | AND Il
(C0003195) was found through the mappinABTIARRHYTH-
MICS, CLASS | AND llto [CV300] ANTIARRHYTHMICSThe
resulting effect of these additional pairs is tineréase of the
number of drug-class pairs in common between AT ldDF-
RT from 39 to 128. In particular, the previous C00B4-
C0003195 pair is also described in NDF-RT.

Table 4. Number of drugsin the Cardiovascular system group
before and after the elimination of combination terms, which
were mapped toa UML S concept, to a RxNorm concept, to an
ingredient in NDF-RT, to some VA class. Finally, the number
of drug-class pairs common to ATC and NDF-RT is displayed

properties, because it simply comes from an extamarce).
For instancesparteine(C01BAO4) has a CUI in RxNorm but
is in this category because it is not an ingredlient

¢ not in NDF-RT or not an ingredient in NDF-RT: sodrigs

are "recognized" by RxNorm, but are not true RxNawn-
cepts (because no clinical drugs are attachedetm)thAn ex-

ample isacetyldigitoxin (CO1AA01), which is in FirstData-

Bank and thus in RxNorm but not in NDF-RT. Somesme
the drug exists in NDF-RT but is not an ingredientch as

acetyldigoxin(C01AA02), and is thus not expected to be pre
sent in ATC;

¢ no VA class: some drugs are ingredients in NDF-RTthey

have no associated clinical drugs (“VA Product”)vitich

Original Car- Cardiovascular
. system group
diovascular ’ .
<em arou without combi-
¥ group nations
Number of drugs 554 319
MaptoUMLS 359 306
Map to RxNorm 286 240
Map to an ingredient in 185 150
NDF-RT
M ap to some VA class 179 144
Common drug-classpairs 39 128

VA classes are assigned. One such ATC drugingcidil
(C02DGO01);

¢ not the same class as ATC: this categorization evoedjuire
further investigation to be correctly explained. &xample is
the drugrutoside (CO5CA01) which is associated with the
ATC class Bioflavonoids (CO5CA) while it is mapped to
HERBS/ALTERNATIVE THERAPIE3SAO000) in NDF-RT.

5. DISCUSSION

5.1 Findings

Overall, the mapping of ATC to the UMLS is disapgaig be-
cause only 50% of all ATC terms were mapped to aLSNCUL.
One should however notice that we required a mappaore of
100% with MMTX, which was very restrictive. In patlar, we



ignored 1-1 mappings when they were not completewhich
could be correct and could have thus been useéul.elample,
the mapping ofrandolapril and verapami(C09BB10) toTran-

dolapril/Verapamil(C0718096) has a score of 91.3% and is total.

In contrast, the mapping afihydroxialumini sodium carbonate
(A02AB04) to sodium carbonatgC0074732) has also a high
score (90.1%) although it is not complete. Thisosecexample
illustrates the reason why we decided to keep orappings with
a score of 100%.

The mapping of ATC was particularly poor for classs only
15.8% could be mapped to UMLS CUIs. This is du¢hi® fact

that many ATC classes are combinations, have commaenes or
have names specific to ATC. Examples @EHER COLD COM-
BINATION PREPARATIONERO5X) andAdrenergics and other
drugs for obstructive airway diseas¢R03AK). This makes it
difficult to find a corresponding UMLS concept asck. It is

noteworthy that some combinations were correctlyppea to

multiple UMLS concepts. For examplejtamin B-complex with
anabolic steroid§A11ED) was correctly mapped to botfitamin

B ComplexC0042849) anénabolic steroid§C0002744). How-
ever, this combination necessitates further procgs® be effi-

ciently exploited.

The manual mapping performed between the NDF-R3sek of
the Cardiovascular branch and the ATC classeseoCirdiovas-
cular System group substantially improved the nundfedrug-
class pairs generated and thus the number of conpaiba be-
tween ATC and NDF-RT. More practically, these nursbim-
creased by nearly 3.5 times and 3 times, respéctiVhis more
detailed study of a given group of ATC showed tiat overlap
between ATC and NDF-RT could be largely better. dsgble
solution for detecting mappings between ATC and NDIF
classes more automatically is discussed in theppetives.

5.2 Limitations

This study presents some limitations, which refoltn different
causes: ATC as illustrated above and further ieeeUMLS, and
NDF-RT. For the mapping of ATC to the UMLS, we aptier
using MMTx, which is a linguistically-motivated maipg ap-
proach. Sometimes the structural knowledge canxp®ited in
combination with lexical information in order to feamce the
mapping results [17]. However, the ATC descriptiohdrugs
being limited to their label, only a lexical methoould be used.

As mentioned earlier, the overlap of drug-classspaietween
ATC and NDF-RT is limited and an explanation foistipoor
performance is the well-known problem of missedosymy in
the UMLS [8]. For example, no mapping could be fdletween
ATC and NDF-RT ophthalmological drugs because thi€ Alass
OPHTHALMOLOGICALSSO01) is mapped to the UMLS concept
Ophthalmological agenté€C2013096) whereas the NDF-RT class
is [OP000] OPHTHALMIC AGENTSwhich has a different CUI
(C0973585). These two distinct UMLS concepts, wiibbuld be
clustered into a uniqgue UMLS concept, obviouslyutes miss-
ing common pairs between ATC and NDF-RT.

The VA classes of NDF-RT are organized in a shakasvarchy,
which is not complete. Indeed, some hierarchicédtimns be-
tween VA classes are clearly missing. For examfid230]

ANTIVIRALS, TOPICAL OPHTHALMIGs listed as a child of
[OP200] ANTI-INFECTIVE, TOPICAL OPHTHALMI|ut not
as a child ofAM800] ANTIVIRALS When introducing NDF-RT,
we mentioned the existence of another kind of elsisthe “exter-

nal pharmacologic classes” (EPC), which are defineference
to some of the properties of the active moiety.rérae 408 such
external pharmacologic classes, with no hierar¢higganization.

In a previous work [2], we proposed a method fderiring rela-

tions between these “external pharmacologic cldsaed the

drugs. It would be interesting to investigate thelssses for com-
parison with ATC classes and study whether theyigdeoa viable

alternative to the legacy VA classes.

5.3 Pergpectives

When performing the manual mapping of cardiovascalasses
between ATC and NDF-RT, we made decisions on theisbaf
the set of drugs present in a given class. For pl@fCV702]
LOOP DIURETICSwas mapped to the ATC claddlGH-
CEILING DIURETICS(C03C). High ceiling diuretics are diuret-
ics that may cause a substantial diuresis — up0% &f the fil-
tered load of NaCl and water. Loop diuretics hdnig ability, and
are therefore often synonymous with high ceilingretics. Both
[CV702] LOOP DIURETICSand HIGH-CEILING DIURETICS
(C03C) contain, among otherfsirosemide We thus believe that
an instance-based mapping, i.e., exploiting therlapeof ATC
and NDF-RT drugs, could be useful for discoverindon check-
ing automatically correspondences between the edatss which
these drugs belong. Such an instance-based mappsglready
been performed to map NDF-RT and SNOMED CT clafkgs
In our case, this approach would however necessita&nual
validation, in particular because some drugs capabeof distinct
ATC classes of a same upper class. An example af deug is
sodium phosphatehich belongs to the clagdsmotically acting
laxatives (AO6AD) and the clas&nemas(A06AG), which are
both in theLAXATIVES(AO6BA) class.

Finally, conceptual models of drugs have been desigor spe-
cific purposes, e.g., pharmacogenomics [10] or adenzed
physician order entry [16]. In the first case, iaynbe used to
search for drugs that share the same mechaniswctiohaor the
same target. In the second case, the model tatesadnount sev-
eral properties of medications that can be usefutifug substitu-
tion for example.

6. CONCLUSION

We present a comparison of the ATC classificatigstesn, which
is widely used to code drugs in Europe, to NDF-RTeference
drug terminology used in clinical applications. \Meowed that
only 50% of ATC terms were mapped automaticallthis UMLS,

which resulted in a very poor overlap with NDF-RBly. perform-

ing a manual mapping of the NDF-RT classes of tagli®vascu-
lar branch to the ATC classes of the Cardiovascsyatem group,
we increased the number of common cardiovasculag-diass
pairs from 39 to 128.
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Table 3. Mapping of Cardiovascular NDF-RT classesto the Cardiovascular system ATC classes

ATC class NDF-RT class UMLSCUI
C - CARDIOVASCULAR SYSTEM [CV000] CARDIOVASCULAR MBICATIONS C1874729
CO1AA - Digitalis glycosides [CV050] DIGITALIS GLYOSIDES C0012253
CO01B - ANTIARRHYTHMICS, CLASS | AND Il | [CV300] ANTARRHYTHMICS C0003195
g?leDA'S;/'SA‘SODILATORS USED IN CARDIAC [CV250] ANTIANGINALS C1874267
02 - ANTIHYPERTENSIVES [CV400] ANTIHYPERTENSIVE COMBINATIONS C1874305

[CV490] ANTIHYPERTENSIVES,OTHER C0350167

SIOF?SER;AliﬁTAAC\EI'?NEgERGIC AGENTS, PE [CV150] ALPHA BLOCKERS/RELATED C1874153
CO03 - DIURETICS [CV700] DIURETICS C0012798
ESI%AES- LOW-CEILING  DIURETICS,  THI- [CV701] THIAZIDES/RELATED DIURETICS C0012802
CO03C - HIGH-CEILING DIURETICS [CV702] LOOP DIURETIE® C0354100
CO03D - POTASSIUM-SPARING AGENTS [ﬁ;/g.?é]:SPOTASSMM SPARING/COMBINATIONS DI+ C1875688
CO03X - OTHER DIURETICS [CV709] DIURETICS,OTHER C138040
C04 - PERIPHERAL VASODILATORS [CV500] PERIPHERAL \@ODILATORS C0724804
CO5BB - Sclerosing agents for local injection [CVBGCLEROSING AGENTS C0036426
CO5BX - Other sclerosing agents [CV600] SCLEROSINGENTS C0036426
CO07 - BETA BLOCKING AGENTS [CV100] BETA BLOCKERS/REATED C1874540
CO08 - CALCIUM CHANNEL BLOCKERS [CV200] CALCIUM CHANNEL BLOCKERS C0006684
CO9A - ACE INHIBITORS, PLAIN [CV800] ACE INHIBITORS C0003015
ggil?\l - ANGIOTENSIN Il ANTAGONISTS, [CV805] ANGIOTENSIN Il INHIBITOR C1874242
C09XA - Renin-inhibitors [CV806] DIRECT RENIN INHIBOR C1950687
C10 - LIPID MODIFYING AGENTS [CV350] ANTILIPEMIC AGENTS C0003367




